inhalation injury diagnosed by bronchoscopy and/or ventilation perfusion lung scan. Of the 373 patients, 141 (38%) had subment cascade and induce intrapulmonary leukocyte agsequent pneumonia. Among the patients without inhalation injury, gregation, release of free radicals of oxygen, and pulmopneumonia occurred in 60 of 685 (8.8%). A multiple logistic nary damage, possibly adding further respiratory insult equation was developed to estimate expected mortality at any to patients with inhalation injury. In addition, global image and burn size for patients without either inhalation injury to paen sith alanies, addi tion al to, or pneumonia, with either alone, or with both. Subtraction of the munosuppression accompanies, and is proportional to, expected mortality without either inhalation injury or pneumonia the extent of burn injury. As a consequence, respiratory from the expected mortality in the presence of either or both tract infection is the most common complication of permitted the estimation of additional mortality attributable to burns.' Although both inhalation injury a ) pneumonia these complications. Inhalation injury alone increased mortality reduce patient survival, the specific contributions ofthese by a maximum of 20% and pneumonia by a maximum of 40%, with a maximum increase of approximately 60% when both were complications to age and burn size-dependent patient present. The influence on mortality was maximal in the midrange mortality have not been completely determined. We atof expected mortality without these complications for any age tempt to define, in explicit terms, the contributions of group. These data indicate that inhalation injury and pneumonia inhalation injury and pneumonia to patient mortality. have significant, independent, additive effects on burn mortality and that these effects vary with age and burn size in a predictable manner.
Materials and Methods
The records of 1058 consecutive burn patients treated T IS GENERALLY RECOGNIZED that pulmonary comat this institute during the five-year period between Janplications adversely affect the outcome of patients uary 1980 and December 1984 were reviewed. The records with bi n injury. In an autopsy study, 70% of all fire were complete for all patients, Data were gathered on the victims who died within 1 ' hours of burns had inhalation status of inhalation injury on admission and on develinjury,' indicating that , c gases and products of inopment of pneumonia during hospitalization. Patient complete combustion contribute significantly to early survival was also noted. lung scan alone was done in 106 patients, and both promore patients had injury in closed spaces (CLSP) and there was a higher cedures were done in 241 patients. In patients with puincidence of facial burns and pneumonia (PNEU). Age and burn sizerulent sputum and physical findings suggestive of pneuadjusted probability of death (PROB) and observed mortality (LD) per 100 patients were also higher in that group. monia, a chest roentgenogram was obtained and sputum or endotracheal secretions were examined by Gramstained smears and by culture. Patients who had clinical 52% of patients with and without inhalation injury sussigns and symptoms of respiratory tract infection and tained facial bums. Predicted mortality rate, based on the characteristic pneumonia infiltrates on chest roentgenoseverity index, and observed mortality rate, respectively, grams received antibiotics. Initial antibiotic therapy for were 17.9% and 9.6% in patients without inhalation injury pneumonia was modified, if needed, when final culture and 48.2% and 46.6% in patients with inhalation injury. and sensitivity results became available.
9
The relationship between inhalation injury and burn size Statistical differences between groups of patients with for all patients is shown in Figure 2 . With increasing bum and without inhalation injury were assessed using the size, there was a corresponding rise in the incidence of Student's t-test. Multiple logistic regression technique was inhalation injury. With increasing bum size, the incidence used to develop a predictor of the occurrence of inhalation of pneumonia increased in patients with injuries of less injury. A basic age and burn size-specific index, based on than 90% of the total body surface; beyond this, the inour experience in the treatment of over 6,000 bum pacidence decreased, possibly because many such severely tients at this institute over the past 3 decades, was used injured patients died soon after injury (Fig. 3) . The incito assess severity of injury. In addition, the current group dence of pneumonia and predicted and observed mortality of 1058 patients was analyzed separately to assess specific with or without inhalation injury, diagnosed either by contributions of inhalation injury and pneumonia to bronchoscopy or by ' 33 Xenon lung scan alone, are dismortality, played in Figure 4 . There was a stepwise increase in the Results incidence of pneumonia from the patients without inhalation injury (8.8%) to the patients with abnormal A diagnosis of inhalation injury was made in 373 pa133Xenon lung scan only (19.5%) to the patients with abtients (35.3%). Pertinent demographic data on the patients normal findings on bronchoscopy (45.8%). Figure 5 shows are shown in Figure 1 and Table 1 . Twenty-one per cent the incidence of pneumonia, postbum day of diagnosis of patients without inhalation injury and 73% of those of pneumonia, age, and bum size for all patients with and with inhalation injury were confined in a closed environwithout inhalation injury diagnosed either by bronchosment at the time of their bums. Respectively, 93% and copy or by 1 33 Xenon lung scan. The average day of di- injury, and 10 days and 11 days, respectively, for patients with inhalation injury diagnosed by bronchoscopy or CLSP = 0, 1 (absence, presence of injury in closed space) "'Xenon lung scan. It should be noted, however, that in FB = 0, 1 (absence, presence of facial burn) patients without inhalation injury, only 39% of cases of TBS = total burn as percent of total body surface area pneumonia developed within the first week, whereas in AGE = age in years patients with inhalation injury, 69% had pneumonia = ey within the first week. The lengths of time for pneumonia 1+ e to develop in patients with abnormal findings on bronchoscopy and in patients with abnormal '3aXenon lung 1 a0a) = expected proportion of such patients with i,-scans were similar and are shown in Figure 6 . The average age of all patients with pneumonia was 45 years, and the A comparison of the observed incidence of inhalation average burn size was greater than 52% of the total body injury and that predicted by the above equation is shown surface area (Fig. 5) .
in Figure 7 . At each level, prediction closely approximated Using a stepwise logistic regression algorithm, a preobservation. dictor of inhalation injury was developed. There was a progressive rise in the incidence of pneumonia with Note the highest incidence of pneumonia is in patients with inhalation increasing burn size except in patients with burns greater than 85% of injury diagnosed by bionchoscopy. The average day of diagnosis of the total body surface, pneumonia, age, and burn size, however, appear similar for all groups. lation injury (1I), and pneumonia (PNEU), yielding the three-dimensional graphs depicting specific contributions following equation:
to mortality of inhalation injury alone (Fig. 8 alone, 40% in the presence of pneumonia alone, and 60% TBS = total burn as percent of total body surface area when both inhalation injury and pneumonia were present. AGE = age in years
The contributions of inhalation injury and pneumonia II = -1, + 1 (absence, presence of inhalation injury) were found to be independent and additive. Expected PNEU = -1, + 1 (absence, presence of pneumonia) mortality in patients with very small or very large burns __e_ appeared to be relatively uninfluenced by these pulmonary 1 +e-complications except at the extremes of age. P expected mortality (limits = 0, 1) This equation was used to estimate expected mortality in Discussion the absence of both inhalation injury and pneumonia, in In the current study, we determined how inhalation the presence of either alone, and in the presence of both.
injury and pneumonia influence the outcome after burn Subtraction of the expected mortality without inhalation injury. In this consecutive series, we confirmed previous injury or pneumonia from that expected in the presence findings in a smaller sample of patients in whom inhaof those complications permittea the construction of lation injury increased mortality.1 0 Additionally, the cur- ADDEO respiratory tract epithelium, impairs surfactant produc-S ORTALIT9
S1
MORT tion" 3 and mucocilliary transport and produces atelectasis. 4 Inhalation injury also impairs pulmonary macrophage function." 2 The net result of these pulmonary changes, combined with the global immunosuppression of burns,' 5 is the development of respiratory tract infec-
In patients with inhalation injury, early pneumonia 140 --------- 00 o was more common than in those patients without inha- in patients with abnormal bronchoscopic examinations rent study estimates, in a quantitative manner, the increase seems, therefore, unwarranted. An abnormal 1 33 Xenon in patient mortality in inhalation injury. Burn patient lung scan in a patient without abnormal findings on survival was also reduced in pulmonary infection." bronchoscopy, on the other hand, is significant for progThe current study estimates the precise roles of each nosis, since the incidence of pneumonia is higher in these of these pulmonary complications in the outcome of papatients than in those with no inhalation injury. tients with burns. Our data indicate that both inhalation Thus far, a precise grading of clinical pulmonary daminjury and pneumonia are detrimental to patient survival age consequent to inhalation injury has been impossible. and that a maximal deleterious effect occurs in the midIn this regard, the current d.ata allow partitioning of parange of burn severity. We have attempted to depict the tients with inhalation injury into two broad categories: explicit, additive changes in mortality attributable to these those with abnormal findings on bronchoscopy irrespecpulmonary complications as they relate to age and total tive of the status of the . 3 3 Xenon lung scan and those with burn size. The age and burn size-specific mortality inabnormal 1 33 Xenon lung scan only. Such classification is creased by a maximum of 20% with inhalation injury pragmatic and permits sorting of bum patients into groups alone, by 40% with pneumonia alone, and by 60% with of those without inhalation injury, those with modest inboth.
halation injury (abnormal "'Xenon lung only), and those Inhalation injury and pneumonia contributed miniwith severe inhalation injury (abnormal findings on bronmally to mortality in patients with small burns who did choscopy). Such stratification of pulmonary damage may well despite these ills. Similarly, in patients with extensive permit further refinement of estimates of risk. burns, in whom the traumatic insult exceeded the phys-A predictor of the proportional frequency of occurrence iologic reserve, neither the presence nor the absence of of inhalation injury was developed that takes into account pulmonary complications altered the dismal outcome.
immediately available information, such as injury in a Interestingly enough, despite similar age and burn size, closed space, facial burns, age, and total burn size. Such the incidence of pneumonia in patients with abnormal information should be useful in triage. findings on bronchoscopic examination was higher than In summary, our data indicate that both inhalation inthat in patients with either an abnormal ... Xenon lung jury and pneumonia exert discrete, measurable effects on scan alone or no inhalation injury. It appears that respipatient mortality and can, therefore, be used along with ratory tract damage that is diagnosed by lung scan alone, age and total burn size to predict the likelihood of death in the absence of abnormal bronchoscopic findings, repin burn patients with such complications. Inhalation inresents a less severe form of injury than that detectable jury diagnosed on the basis of bronchoscopic findings has by bronchoscopy. The increased incidence of pneumonia a worse prognosis than pulmonary damage detectable only in patients with visually demonstrable tracheobronchial by a "• 3 Xenon lung scan. Both complications add to the inflammation appears to be ascribable to more extensive total physiologic insult in a predictable manner, with little tracheobronchial injury. With massive tissue necrosis and effect on mortality in patients with small injuries where disruption of the alveolar capillary membrane,' 1 , 1 2 prothe total burn can be borne or in patients with very large tein-rich plasma exudes into the tracheobronchial tree and injuries whose physiologic capacity is exceeded by the inmay serve as a medium for bacterial growth. Inhalation jury alone. In the patients in the midrange of severity of injury, in addition to inflicting structural damage on the injury, however, these complications may make a sub-lethal injury lethal, and it is in these patients that better 
